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| INTRODUC TI ON
Asthma presents as one of the most common chronic inflammatory diseases in children in the developed world, affecting up to 9% of children. 1 Asthma causes significant morbidity and has a negative impact on health-related quality of life (HRQL). 2 HRQL can be measured with asthma-specific and generic questionnaires. Asthma-specific HRQL reflects the perceived impact of asthma on a patient's life, while generic HRQL allows direct comparison between different diseases. Asthma-specific HRQL is especially reduced in girls, in children with uncontrolled asthma and in those with frequent or severe asthma exacerbations. 3, 4 Children with asthma report poorer generic HRQL than children in the general population and children with allergic rhinitis, food allergy, atopic dermatitis and diabetes mellitus, but better generic HRQL than children with juvenile chronic arthritis. 5, 6 Asthma symptoms and exacerbations can be elicited by a range of allergic triggers (ie pollen, house dust or pets) and non-allergic triggers (ie physical exercise, respiratory tract infections, emotions or exposure to tobacco smoke). 7 Only scarce data on the impact of perceived asthma triggers on HRQL in children are available. A higher number of perceived triggers of asthma can exert a toll on asthma-specific HRQL in children with severe or difficult-to-treat asthma. 8, 9 Data in children with mild or moderate asthma are lacking. Furthermore, it has been shown that allergic disease-specific HRQL in children was associated with grass pollen exposure and airway inflammation 10 and generic HRQL in children was reduced during pollen season. 11 In adults, previous research has suggested that mainly non-allergic asthma triggers are associated with reduced asthma-specific HRQL. 12 The aim of this study was to investigate the single and composite impact of perceived allergic and non-allergic triggers of asthma on asthma-specific and generic HRQL in children referred to secondary or tertiary care.
| ME THODS

| Domain and data collection
A cross-sectional study was performed among children referred with respiratory or allergic complaints to 8 secondary care centres and 1 tertiary care centre in the Netherlands between June 2011 and August 2018. Eligible children were aged 7-18 years with parent-reported physician-diagnosed asthma. All children were invited for the electronic portal (EP) before an outpatient visit. The details of the EP have been previously published. 13 In short, the EP is a web-based system with electronic questionnaires for children and their parents developed to collect information on asthma, allergic rhinitis, food allergy, atopic dermatitis and recurrent respiratory tract infections.
This study was approved by the Medical Ethical Review Board of the University Medical Center in Utrecht, the Netherlands, number 10/348, and all parents and/or children gave informed consent before enrolment.
| Measurements
| Asthma-specific and generic HRQL
Asthma-specific HRQL in children was assessed using the child-reported Pediatric Asthma Quality of Life Questionnaire (PAQLQ).
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The PAQLQ is a validated instrument with 23 items in three domains:
symptoms, activity limitation and emotional function. All PAQLQ items are scored on a 7-point Likert response scale (ie 1 = extremely bothered; 7 = not bothered) with a 1-week recall period. The final overall PAQLQ score is the mean score of all 23 items, and domainscores are the means of the items in the individual domains. The mean difference (MD) in PAQLQ scores between patients can be interpreted using the minimal clinically important differences (MCIDs).
The MCID is the smallest change score that is considered clinically relevant. 15 The MCID for the PAQLQ is 0.5 as estimated previously. 16 Generic HRQL in children was assessed using the parent-reported RAND questionnaire. 17 The RAND is a validated general health-rating index for children with 7 questions that ask parents to assess the overall health status of their child with a 1-month recall period. The final RAND score is the summed score ranging from 7 to 32 with higher scores indicating better general health. The MCID of the RAND questionnaire is 5.3. 
| Perceived triggers of asthma
Children (≥12 years) or parents (children 7-12 years) were asked if, in the last 12 months, symptoms of wheezing in the chest were worsened after exposure to one or more of the following triggers: dust, pollen, pets, physical exercise, the weather, cold or the flu, (cigarette) smoke, emotions, food or drinks, detergent, or wool clothing. Dust, pollen and pets were categorized as allergic triggers; all other triggers were categorized as non-allergic triggers.
| Clinical data
Information on patients' demographic and environmental characteristics was obtained using the electronic questionnaires in the EP. Asthma control during the last month was assessed using the Asthma Control Test (ACT). The previously defined cut-off was used to classify children as having well-controlled asthma (ACT score ≥ 20) or uncontrolled asthma (<20). 19, 20 Furthermore, the
asthma, paediatrics, quality of life ISAAC core questionnaires for wheezing, allergic rhinitis and atopic dermatitis were used. 21 Comorbidities-that is allergic rhinitis, food allergy, atopic dermatitis and recurrent respiratory tract infectionswere defined based on a combination of questions in the EP (see Table S1 in the Supporting Information).
| Statistical analyses
Children with complete HRQL data, information on perceived asthma triggers and clinical data used as confounders in the multi- with the 95% confidence interval (95% CI) to interpret the change score using the minimal clinically important difference (MCID). In addition, the standardized mean difference (SMD) was calculated using
Cohen's statistics to estimate the effect size. 22 Based on Cohen's criteria, a SMD of 0.2 is considered small, 0.5 is moderate, and >0.8
is large. 22 The association between the individual perceived asthma trig- 
| RE SULTS
| Patients' characteristics
A total of 1869 children aged 7-18 years were included in the elec- Table S2 in the Supporting Information). Patients' characteristics are presented in Table 1 . Children had a mean (SD) age of 12.1 (2.9) years, 58% were male, 88%
were Dutch, and 79% reported worsening of symptoms of wheezing in the chest after exposure to one or more asthma trigger in the past year. Half of the children reported both perceived allergic and non-allergic asthma triggers (53%). Figure 2 shows the proportion of individual triggers. The three most common perceived triggers of asthma were all non-allergic: physical exercise (n = 331; 63%), the weather (n = 269; 51%) and a cold or the flu (n = 268; 51%).
Association between the number of asthma triggers and asthma-specific (A) and generic (B) quality of life. All triggers included allergic triggers (dust, pollen and pets) and non-allergic triggers (physical exercise, the weather, cold or the flu, (cigarette) smoke, emotions, food or drinks, detergent, wool clothing). n, number; PAQLQ, Pediatric Asthma Quality of Life; RAND, RAND general health-rating index; SE, standard error
|
The association between the number of asthma triggers and HRQL
| Asthma-specific HRQL
A higher number of perceived triggers of asthma were associated with reduced asthma-specific HRQL (Figure 3a ). Children with a higher number of triggers had significantly lower PAQLQ scores ( Table 2 ).
The same association was observed for the domain-specific PAQLQ scores and after stratification by allergic and non-allergic triggers.
The difference of the overall PAQLQ score was considered clinically relevant between children with 0 and 3-4 triggers and 0 and ≥ 5 triggers Table S3 in the Supporting Information). In addition, clinically relevant differences of the domain-specific PAQLQ scores were observed (see Table S3 in the Supporting Information).
Children with only non-allergic asthma triggers had a significantly lower median (IQR) PAQLQ score (ie worse HRQL) (6.1 (5.2-6.7); n = 129) compared to children with only allergic asthma triggers (6.7 (6.1-6.9); n = 10) (P = 0.029).
| Generic health-related HRQL
A higher number of perceived triggers of asthma were associated with reduced generic HRQL as assessed with the RAND questionnaire (Figure 3b ). Children with a higher number of triggers had significantly lower RAND scores ( Table 2 ). The same association was observed if the analysis was stratified by allergic and non-allergic triggers. The difference in RAND scores was not considered clinically relevant as the minimal clinically important difference was not exceeded. The effect size was moderate between children with 0 and ≥ 5 triggers (SMD 0.68) and between children with 1-2 and ≥ 5 triggers (SMD 0.62) (see Table S3 in the Supporting Information).
The RAND score was comparable between children with only non-allergic asthma triggers (mean (SD) 21.1 (4.4)) and children with only allergic asthma triggers (22.1 (3); n = 10) (P = 0.494).
| Single and composite effects of asthma triggers
| Asthma-specific HRQL
In univariable linear regression analysis, all allergic asthma triggers were associated with a lower overall PAQLQ score (ie poorer asthma-specific TA B L E 2 The number of asthma triggers and asthma-specific (PAQLQ) and generic (RAND) quality of life scores HRQL) (Table 3a) . In addition, all non-allergic asthma triggers except wool clothing were associated with a lower overall PAQLQ score. In the adjusted multivariable analysis, physical exercise, the weather, (cigarette) smoke and emotions were independently associated with a lower overall PAQLQ score. None of the perceived allergic triggers was independently associated with the overall PAQLQ score.
The multivariable analysis was repeated with the domain-specific PAQLQ scores as the outcome (see Table S4 in the Supporting TA B L E 3 Linear regression analysis for asthma-specific (a) and generic (b) quality of life Information). Physical exercise and (cigarette) smoke were independently associated with a lower symptom domain score. Pets, physical exercise, the weather and (cigarette) smoke were independently associated with a lower activity limitations domain score.
The asthma trigger emotions were independently associated with a lower emotional function domain score.
| Generic HRQL
In univariable linear regression analysis, all allergic asthma triggers were associated with a lower RAND score (ie poorer generic HRQL) (Table 3b) . Again, all non-allergic asthma triggers except wool clothing were associated with a lower RAND score. In the adjusted multivariable analysis, only emotions and food or drinks were independently associated with a lower RAND score. None of the perceived allergic triggers was independently associated with the RAND score.
| D ISCUSS I ON
Our cross-sectional study demonstrated that among a broad population of children with asthma, a higher number of perceived allergic and non-allergic asthma triggers were strongly associated with reduced asthma-specific and generic health-related quality of life (HRQL). The majority of children (79%) reported one or more perceived trigger(s) of asthma. Non-allergic asthma triggers were independently associated with reduced HRQL: physical exercise, the weather, (cigarette) smoke and emotions with asthma-specific HRQL, and emotions and food/drinks with generic HRQL.
Our study is the first to indicate that not only asthma-specific HRQL was reduced in children with a higher number of asthma triggers but also generic HRQL was reduced. Previous research showed an association between a higher number of perceived triggers of asthma and reduced asthma-specific HRQL in children and adolescents with severe or difficult-to-treat asthma, 8, 9 and in children participating in an asthma education programme with symptom perception interventions. 23 We were able to confirm these findings in children and adolescents with asthma of varying severity in secondary or tertiary care. The impact of asthma triggers on HRQL may be explained by the fact that asthma triggers are associated with greater severity and frequency of asthma exacerbations, emergency treatments, healthcare visits and hospitalization. 12, 24 In addition, a higher number of asthma triggers may result in an increased perceived burden of asthma. Furthermore, children with a higher number of asthma triggers may try to avoid asthma triggers, which may have an additional negative impact on asthma-specific and generic HRQL.
Our study suggests that especially non-allergic triggers were independently associated with HRQL. Our results highlight the importance of trigger identification in children with asthma. Physicians should pay attention to the identification of asthma triggers and, in turn, instruct children and parents regarding avoidance strategies or treatment of the identified triggers. For instance, the impact of the trigger physical exercise on HRQL might be reduced when children are advised to use a shortacting β2-agonist before exercising 7 and the impact of the trigger emotions might be reduced when children seek psychological support to reduce emotional stress. Although allergic triggers were not independently associated with HRQL in our analysis, we showed that a higher cumulative number of allergic and non-allergic asthma triggers were associated with reduced asthma-specific and generic HRQL. Therefore, specific instructions directed at children with allergic triggers might be beneficial as well. For instance, the impact of the trigger dust on HRQL might be reduced when instructions are given on house cleaning and the impact of the trigger pollen might be reduced when adequate (pharmacological) treatment is initiated.
The major limitation of the present study is that the asthma diagnosis and asthma triggers were self-reported by parents.
Furthermore, data on allergen sensitization were not available.
However, patient-reported data do provide meaningful insight into the perception of allergic and non-allergic asthma triggers and HRQL among parents and children. Additionally, asthma-specific and generic HRQL cannot be directly compared as asthma-specific HRQL was assessed in children and generic HRQL in parents. Previous research reported a lack of agreement between children's self-reported and parent proxy-reported HRQL and suggested to include both perspectives in HRQL research as both are complementary to each other. 25, 26 In addition, we were not able to assess asthma severity as we did not collect data on the frequency of asthma exacerbations, emergency department visits and hospitalizations. Finally, the cross-sectional design of this study limits the assessment of possible long-term effects. Strengths of this study are the large sample size, reliable data collection in routine secondary and tertiary care using validated questionnaires in children and parents and the assessment of both asthma-specific and generic HRQL.
In summary, we demonstrated that a higher number of perceived allergic and non-allergic triggers of asthma were strongly associated with reduced asthma-specific and generic health-related
